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Subsurface flow (SSF) constructed wetland is an efficient ecological technology for
wastewater treatment. This type of constructed wetland is similar to abiological biofilter process,
but with benefits of moderate low cost and easy operation because it never needs aeration.



Nevertheless, its capital cost is still 6.5 times higher than that of free water surface flow (FWS),
another type, constructed wetland. In an overall capital cost of a SSF wetland, gravel installation
is normally the most costly item (e.g., 40~50%) due to SSF wetland requires a large amount of
gravel using as the substrate for the growth of macrophyte and biofilm.

This project intends to evaluate the feasibility of recycling of wasted oyster shell to replace
the gravel as the substrate material using in the SSF constructed wetland. Physical properties
(including true density, bulk density, porosity, specific surface area, hydraulic conductivity,
compression strength etc.) and chemical properties (including pH, cation exchange capacity,
element composition etc.) of both oyster shell and gravel will be measured, and the results will be
used to make a comparison each other. On the other hand, Another essential goal of this study
was to investigate the feasibility of recycling the wasted oyster shell as substrates or media using
in an SSF constructed wetland, since the exploit of gravel, a normally used substrates, is
restrained by the local government and its price is becoming more and more expensive. Four
small-scale SSF wetland beds (each with dimensions of 0.6 m width and 0.7 m length), in which
two beds were packed with oyster shell and another two with gravel, were used for treating the
same nitrate-contaminated groundwater as abovementioned. One oyster shell bed and gravel bed
were planted with common reed, whereas another oyster shell bed and gravel bed were unplanted.
The oyster shell beds seemed to need shorter period to achieve a stable nitrate removal than
gravel bed. Oyster shell beds, both planted and unplanted, generally produced lower effluent
nitrate levels than gravel beds under the same hydraulic loading rate. Planted oyster shell bed and
gravel bed exhibited a nitrate removal rate of 2.49 and 2.35 g N m“d™, respectively, when
hydraulic loading rate retaining 0.12 m d™and nitrate loading rate maintaining 2.71 g N m?d™.
Recycling the oyster shell as substrate for SSF constructed wetland was found economically and
technically feasible.

Keywords  constructed wetland, subsurface flow, gravel, oyster shell, substrate, ecological
engineering
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wm Rk (kgmd) 289 1365
ZHF (%) 77 40
HmEi a4 (mikg) 0.96 0.23
H R oo A (mm) 1217 527
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Parameters b B
(mg/L) 0=0.079 0=0.13 0=0.106
Influent HRE B Influent HRE B Influent e B
NOs-N 22.13+2.7 | 0.63t0.54 | 0.53+0.77 | 22.66+2.60 7.60+£4.03 1.05+£1.10 | 22.67+2.05| 19.3+3.42 1.2£1.6
NO,-N 0.6x0.9 0.1+0.2 0.0£0.2 0.3+1.1 0.0£0.0 0.0£0.0 0.1+0.6 0.0+0.0 0.0+0.0
NH4-N 1.04+1.40 | 0.77£1.68 | 0.62+1.50 1.60+0.53 0.91+1.66 0.77£161 | 0.20£0.53 | 0.29+0.68 0.00+0.00
TKN 8.2+7.3 12.4+10.1 10.6+6.0 4.9+3.6 49+3.0 6.7t4.4 0.3+0.5 0.1+0.2 0.4+0.7
PO,-P 0.43+0.69 | 0.47+0.81 0.3+0.64 0.48+0.55 0.58+1.35 0.08+0.23 | 0.00+£0.00 | 0.00+0.00 0.0£0.0
BODg 5.9+34 3.1+2.7 2.9+2.3 6.1+2.8 2.8+1.0 3.9£1.7 4.2+1.6 1.9+1.0 2.8+1.0
TOC 10.7+6.8 12.1+4.7 20.8+6.9 27.7+25 21.1+25 56.9+27.7 | 25.4+14.2 | 27.4£189 41.5+47.9
DO 4114 | 35t16 | 32t18 3.3:18 2.3t14 1509 | 2.3t12 | 3.9+39 2.4+4.1
pH 7.6£0.2 7.9:02 | 7.5%0.2 7.6£0.6 7.9+0.3 7.240.3 7.4415 7.715 7.0£1.4
TSS 17417 29+19 4024 22+15 1748 35+15 16£12 14+10 25£17
Temperature('C) | 27.8£33 | 27.8£31 | 27.3t33 | 31.2¢15 30.9+19 | 303tl7 | 231#27 | 223:27 | 216£29
ORP(MV) | 160£77 170£60 168455 111486 97467 - 18+137 | 13565 128479 - 1+155
$7 A (mScm) | 125:05 | 135+05 | 16.1+05 | 117434 9.4+4.8 161+76 | 9.8+47 9.744.2 15+6.9
@i (%) 0.7£0.2 0.8:02 | 1.0:0.1 0.6£0.3 0.6£0.3 11+02 | 05:02 | 0502 1.1+0.4
2 WEAFRA RS f Ty FE DT ERE ()
MR
Parameters (mg/L)
g=0.12 g=0.2
Influent HRE B Influent HERE E¥
NOs-N 22.57+0.75 16.37+3.20 1.83+0.83 22.24+1.09 20.63+0.89 11.15+1.42
NO»>-N 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0
NH4-N 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
TKN 0.2+0.1 0.2+0.3 0.3£0.2 0.0+0.0 0.0£0.1 0.1+0.1
PO,-P 0.2£0.4 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
BODg 6.3+1.2 3.6x1.8 4.6x1.9 0.6+0.4 3.3+1.3 0.2+0.2
TOC 10.81+2.82 9.931+6.34 27.74+14.07 23.50+16.25 21.04+3.93 48.11+6.43
DO 52+3.1 1.6£1.1 0.9£1.2 4.3+2.7 1.4+0.7 0.6x0
pH 7.7£0.4 8.0£0.2 7.4+0.2 8.0+0.3 8.2+0.3 7.4+£0.2
TSS 167 13+4 38+15 10+£5 9+0 71
Temperature('C) 28.243.2 28.712.5 27.6£2.7 32.3£0.6 31.3t1.0 30.0+0.6
ORP(mV) 152+96 161+59 -47+187 194+20 20735 - 223+4
#7 AR (mScm) 9.3t5.2 9.6+5.4 19.6+12.3 3.51£0.1 3.4+0.1 3.5+0.1
@ (%) 0.4+0.2 0.5+0.1 1.5+1.2 0.6+0.3 0.6+0.3 1.1+0.2
23 WL ATRA Rk f D F IR ER
Parameters (mg/L) R E
0=0.043 0=0.06 0=0.106
Influent | ¥pee B Influent PR e i Influent e EF
NOz-N 22.13+2.7 | 12.91+2.79 | 0.66+£0.57 | 22.66+2.60 | 13.63+3.42 | 1.70+£1.70 | 22.67+2.05 | 20.39+4.06 | 3.25+1.34
NO»>-N 0.6+0.9 0.2+0.5 0.0£0.0 0.3£1.1 0.0£0.0 0.0£0.0 0.1+0.6 0.0£0.0 0.0£0.0
NH4.-N 1.04+1.40| 0.18+£0.23 | 0.14+0.19| 1.60+0.53 | 1.16+1.70 | 1.18+1.95| 0.20+0.53 | 0.17+0.40 | 0.09+0.39
TKN 8.2+7.3 4.2+4.4 9.4+8.5 49+3.6 3.7+4.0 7.6£9.7 0.3£0.5 0.2+0.5 0.2+0.3
PO,-P 0.43+0.69 | 0.33x0.53 | 0.11+0.30 | 0.48+0.55 | 0.17+0.29 | 0.01+£0.03| 0.00+0.00 0.0+0.0 0.0+0.0
BODg 5.9+34 1.2£1.0 1.3t1.0 6.1+2.8 24+1.2 2.2+1.1 4.2+1.6 25114 2.6£1.3
TOC 10.7£6.8 | 7.04t4.2 9.3+6.0 27.7£25 177484 |35.4+40.8 | 25.4+14.2 | 23.4+10.4 | 33.7x41.7
DO 41+1.4 4.0+1.4 3.5+1.3 3.3£1.8 2.7£1.2 2.2+1.1 2.3t1.2 3.1£25 2.3£2.6
pH 7.6£0.2 7.9+0.2 7.4+0.3 7.6£0.6 8.1+0.1 7.3x0.5 7.4£15 7.8£1.5 7.0£1.3
TSS 1717 55+39 40+23 22+15 40+32 3621 16+£12 1617 20+12
Temperature('C) | 27.8+3.3 | 29.2+2.2 | 28.4+3.1 | 31.2+15 31.1+19 | 30.6x1.8 | 23.1+2.7 21.5+39 | 21.8+2.9
ORP(mV) 16077 159+57 164+59 111+86 159+57 36199 135165 78192 - 11+150
# 7 A (mSlcm) 12.5+0.5 4.0+£1.4 14125 | 11.7434 6.6+4.8 12.9+8.6 9.8+4.7 9.1+4.7 13.9+7.3
#w;R (%) 0.7£0.2 0.6£0.1 0.8+0.1 0.5+0.3 0.7£0.4 1.2+0.3 0.5£0.2 0.5+0.2 1.5+0.2
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Parameters (mg/L) wE
g=0.12 g=0.2
Influent PR ki Influent HRek E¥
NOs-N 22.57+0.75 18.81+1.67 3.03+0.73 22.24+1.09 21.81+1 13.71£1.52
NO,-N 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0
NH4-N 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0
TKN 0.2+0.1 0.3+0.4 0.3t0.4 0.0+0.0 0.1+0.1 0.0+0.0
PO,-P 0.2+0.4 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0
BODs 6.3t1.2 3.3t1.9 4.8+1.7 0.6+0.4 3.7+0.6 5.2+0.4
TOC 10.81+2.82 7.13+3.83 27.94+15.14 23.50+16.25 27.79+9.64 51.33+4.54
DO 5.2+3.1 2.4+1.2 1.1+1.4 4.3£2.7 2.3+2.1 1.0+0.2
pH 7.7+0.4 7.7+0.2 7.310.3 8.0+0.3 8.2+0.4 7.2+0.4
TSS 167 17+£10 47+10 1045 14413 24120
Temperature('C) 28.2+3.2 27.4+2.7 27.2+2.9 32.3+0.6 29.4+0.1 29.2+0.5
ORP(mV) 152+96 49+118 -38+£178 194+20 80+23 -111+2
#7 R (mScm) 9.315.2 9.1+5.1 14.7+8.8 3.5+0.1 3.50.1 3.5+0.1
@wr (%) 0.4+0.2 0.8+0.2 1.0+0.1 0.6+0.3 0.4+0.1 1.3+0.2
g HLR md
%4 drE i AA WP k2 k4§ T8 NOgN 3 ki 5
Bk 2 NOg-N 4 £33 3 (gN m*d)
kA g e (m/d) R L
0.079 1.766 1.788
0.13 1.932 2.810
0.106 0.356 2.275
0.12 0.744 2.489
0.2 0.322 2.218
, o ENE R E 2t
P —— _ #% 1A NOyN f2F(ENmTd)
AR AF
0.043 0.422 0.969
0.06 0.534 1.190
0.106 0.242 2.058
0.12 0.451 2.345
0.2 0.086 1.706
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